In order to confirm the phylogenetic relationships of Histoplasma capsulatum, the partial sequences of large subunit (28S) ribosomal gene (D1/D2 region) of 49 isolates were studied. The similarity values of the 49 isolates were more than 99.0% across 617 base pairs, however, the 49 isolates were divided into 9 groups. These 9 groups were independent of 3 varieties, var. capsulatum, var. farciminosum and var. duboisii. These results showed that analysis of the nucleotide sequence of the 28S rRNA gene was very effective for identification of H. capsulatum and that three varieties of H. capsulatum should be reclassified according to the phylogenetic relationship established from analysis of the D1/D2 region sequences.
Introduction
Histoplasma capsulatum, the causative agent of histoplasmosis, is a thermo-dependent dimorphic fungus that adopts the mycelial form at room temperature and transforms from the mycelial to yeast form in host tissues or at 35-37C on certain culture media. The criteria for distinguishing varieties are geographical distribution, host and the size of the parasitic yeast form cells1,2). Partial sequences of the D1/D2 region of the 28S rRNA gene have been used to generate phylogenetic databases for basidiomycetes6) and ascomycetous yeasts7). Partial sequences of the D1/D2 region of the 28S rRNA gene have been determined for only 6 isolates of Histoplasma capsulatum. In order to confirm the phylogenetic relationships of Histoplasma capsulatum, we examined partial sequences of the D1/D2 region of the 28S rRNA gene of 49 isolates that deposited to the IFM.
Materials and methods
Isolates: The 49 isolates represented 3 varieties of H. capsulatum (28 H. capsulatum var. capsulatum, 13 H. capsulatum var. duboisii, and 8 H. capsulatum var. farciminosum) ( Table 1) . DNA sequencing: DNA was extracted with a DEXPAT(R) Kit (TaKaRa, Ohtsu, Japan) with a modification of the manufacturer's protocol. Approximately 100ul of fungal mass cultured at 25C for 2 months on potato dextrose agar (Difco, Franklin Lakes, NJ, USA) slants were transferred to a sterilized microtube (1.5ml), homogenized with 0.5ml of DEXPAT(R) solution and homogenized by a plastic pestle. The mixture was incubated at 100C for 10min and centrifuged at 12,000rpm (13,201g) for 10min. The supernatant was used as the DNA sample.
DNA extract (2.5ul), Ready-To-GoTM PCR Beads (Amersham Pharmacia Tokyo, Japan) , 20ul of distilled water and 2.5ul of 10pM of each primer were mixed. The primers NL-17), NL-2 He ver2 (5'-TCT TAT AGC CGG GGG TGC AAT GCG GCC-3'), NL-311 and NL-47) Were used. The primer NL-2 He ver2 corresponds to . DNA sequences were aligned with GENETEX-MAC genetic information processing software (Software Development Co., Ltd., Tokyo, Japan). Sequences were aligned with CLUSTAL W (version 1.6)12) . A phylogenetic tree was constructed by the neighbor joining (NJ) method. The sequence was listed accession number U81263 under Genbank, which is a sequence of a ribosomal RNA gene from Paracoccidioides brasiliensis, was used as an outgroup sequence for phylogenetic analysis.
The nucleotide sequences for all strains examined were registered in the DNA Data Bank of Japan (DDBJ) under the accession numbers shown in Table 1 .
Results and Discussion
Sequences generated as part of this study were entered into GenBank with serial accession numbers from AB176464 to AB176512 (Table  1) . As shown in Fig. 1 , the similarity values of the 49 isolates were 99.0% across the D1/D2 region of the 285 rRNA gene. These 49 isolates were then divided into 9 groups. None of the sequences were matched with the GenBank data such as AF038353, AF038354, AF071950, AF071951, AF071952, and AY235020 but was independent from the related sequences of Onygenales; Ajellomyces dermatitidis (AF038358), Paracoccidioides brasiliensis (U81263), and Coccidioides immitis (AY17613), and the similarity values were less than 96%. These results indicate that partial sequences of the D1/D2 region of the 285 rRNA gene are useful for species level identification of H. capsulatum.
Three of the groups: II, III and VII, consisted of 2 or 3 varieties that were confirmed by their site of isolation, host, cell size of parasitic form, internal transcribed spacer (ITS) regions of rRNA genes, and authorization by culture collections (Fig. 1) . Some previous phylogenetic relationships of H. capsulatum isolates from a variety of regions established on the basis of DNA sequences of ITS regions of rRNA genes and partial sequences of genus encoding antigen precursor, fatty acid desaturase, alpha tubulin, ADP-ribosylation factor, H antigen precursor, and delta-9 fatty acid desaturase were questionable3-5). The isolates belonging to the genotypes consisting of different varieties had originated from distant countries. The results that the 9 groups were independent of the 3 varieties, reinforce these suspicions.
